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482Objective: To determine the health-related quality of life at 4 years of age in children who had undergone
cardiac surgery for congenital heart disease in early infancy.
Methods: A prospective cohort study of infants undergoing cardiac surgery at 6 weeks of age or younger from
July 2000 to June 2005 at the Stollery Children’s Hospital. The quality of life was assessed using the Pediatric
Quality of Life Inventory, version 4.0, generic core scales, and compared with normative values for the same age.
The association between the perioperative variables and health-related quality of life was explored.
Results: A total of 242 infants underwent complex heart surgery during the study period. Of the 166 eligible
survivors, 130 were included. No significant differences were present between the children with single ventricle
versus biventricular repairs, except for lower physical health summary scores in the single ventricle patients
(P ¼ .007). Compared with the normative data, the children with biventricular repair had lower total Pediatric
Quality of Life Inventory, version 4.0, scores (P¼ .001) and psychosocial health summary scores (P<.001). The
children with single ventricle repair also had lower physical health summary scores (P ¼ .003). Older age at
surgery and markers of postoperative low cardiac output syndrome were associated with worse health-related
quality of life, and greater socioeconomic status was associated with better quality of life.
Conclusions: At 4 years of age, health-related quality of life was significantly lower in children who had un-
dergone surgery for congenital heart disease in early infancy. An association was found between age at surgery
and postoperative low cardiac output and socioeconomic status and quality of life. (J Thorac Cardiovasc Surg
2013;145:482-8)Supplemental material is available online.
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The Journal of Thoracic and Cardiovascular Surgand health-related quality of life (HRQL). HRQL is a multi-
dimensional construct that includes physical, mental, and
social well-being dimensions, not merely the absence of
disease. The published data have consistently suggested
that the clinical condition or disease severity is not neces-
sarily associated with the perception of quality of life.1
HRQL refers to a person’s subjective, emotional evaluation
and reaction to their health condition.2 The assessment of
HRQL in patients with CHD is challenging because of the
variability in age, neurodevelopmental capabilities, and
diagnoses. Accordingly, an examination is needed of the
HRQL variability in children who have undergone early
complex cardiac surgery.
To address this knowledge gap, a study was undertaken to
assess HRQL in children treated in infancy for CHD. We
hypothesized that children who had undergone cardiac sur-
gery for CHD in early life would have lower HRQL scores
compared with population-normative data. We also hypoth-
esized that those perioperative variables previously known
to be associated with neurodevelopmental outcomes for
these children would also be associated with their HRQL
at 4 years of age.METHODS
The present study was a part of a prospective interprovincial inception
cohort outcomes follow-up project conducted in 4 provinces in Western
Canada. The infants were identified at the time of complex cardiac surgeryery c February 2013
Abbreviations and Acronyms
CPB ¼ cardiopulmonary bypass
CHD ¼ congenital heart disease
HRQL ¼ health-related quality of life
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Dand were followed up prospectively. In the present study, we included all
infants aged 6 weeks or younger who had undergone complex cardiac sur-
gery for CHD, including cardiopulmonary bypass (CPB), at the Stollery
Children’s Hospital from July 2000 to June 2005. We excluded those pa-
tients with chromosomal abnormalities, those who had received a heart
transplant, and those needed extracorporeal life support. Karyotype and
DNA analysis is routinely performed in all these patients. No specific
protocol was used for anesthetic management in the operating room. In
general, maintenance anesthesia during CPB was with high-dose opioid
using fentanyl or sufentanil and supplemented by a volatile anesthetic, in-
cluding sevoflurane, desflurane, or isoflurane, at the anesthetist’s discre-
tion. During the study period, the infants underwent surgery using
standard single or bicaval venous cannulation, depending on the anatomy,
with the CPB circuit primed with blood, targeting a hematocrit of 0.30.
Moderate hypothermia (25–28C) was used for patients not requiring cir-
culatory arrest, and the pump flow was 100 to 150 mL/kg/min. For patients
requiring significant periods of deep hypothermic circulatory arrest, gener-
ally those involving aortic arch reconstruction or total anomalous pulmo-
nary venous connection, a target core temperature of 18 to 20C was
achieved using a modified pH-stat strategy and topical cooling of the
head. Target arterial partial pressure of carbon dioxide was 50 to 60 mm
Hg at 20C, uncorrected for temperature. Myocardial protection was pro-
vided by dilute cold blood cardioplegia (1:4 blood/cardioplegia solution),
usually repeated at 20- to 30-minute intervals, depending on the anatomy.
During the latter part of this era, regional low flow perfusion techniques
were introduced to reduce the period of deep hypothermic circulatory arrest
for patients requiring arch reconstruction. This involved sewing a graft on
to the innominate artery, snaring the origins of the neck vessels, and flowing
at 25 to 50 mL/kg/min at 20C.
The previously agreed on demographic, preoperative, intraoperative,
and postoperative variables were collected prospectively.3 Long-term fol-
low-up was discussed with the parents or guardians once survival was prob-
able. With their written consent for participation, contact was made with
their respective follow-up clinics at the tertiary site of origin. The
follow-up study and database received institutional health research ethics
board approval.
The history and physical measurements were obtained as previously de-
scribed.3 The family socioeconomic status was determined using the
Blishen Index.4 Maternal education was indicated by years of schooling.
The outcomes assessments were completed at 4 years of age at the tertiary
site of origin. Single ventricle physiology was defined as an arterial oxygen
saturation persistently less than 90% owing to the mixing of poorly oxy-
genated with oxygenated blood secondary to a right-to-left intracardiac
or extracardiac shunt. The baseline characteristics of the patients assessed
at 4 years of age were compared with those lost to follow-up (data not
shown).
HRQL Instrument
The HRQL was assessed using the Pediatric Quality of Life Inventory,
version 4.0 (PedsQL 4.0), generic core scales completed by the children’s
parents at the 4-year follow-up point. This instrument invites parents to re-
port on the quality of life of their child during the past 30 days as seen from
the perspective of their child. The PedsQL 4.0 generic core scale is a 23-
item tool that encompasses the following domains: physical functioning
(8 items), emotional functioning (5 items), social functioning (5 items),
and school functioning (5 items). The items are reverse scored and linearlyThe Journal of Thoracic and Catransformed to a 0 to 100 scale; higher scores indicate better HRQL. The
physical health summary score (8 items) is the same as the physical func-
tioning subscale. To create a psychosocial health summary score, the mean
was computed as the sum of the items divided by the number of items in the
emotional, social, and school functioning scales. In terms of effect, the
PedsQL 4.0 is a well-known instrument used to measure HRQL in children;
its validity and reliability have been demonstrated and are acceptable for
group comparisons.5,6
Statistical Analysis
The categorical variables are described as frequencies and continuous
variables as the mean and standard deviation. We prespecified 2 patient
subgroups, those with biventricular and those with single ventricle surgical
repairs. The total PedsQL 4.0 scores from patients with single ventricle and
biventricular repairs were compared with published normative values for
the same age.6 We also compared the results of patients with single ventri-
cle and biventricular repairs within our cohort.
We used the t-test for independent samples with Bonferroni correction
to compare the results across 2 groups. Multiple linear regression analysis
was performed to identify those perioperative variables (Table E1) inde-
pendently associated with the PedsQL 4.0 and each summary score and
consisted of variables found significant at P .10 in the univariate analysis,
after adjusting for multicolinearity. The results are presented as effect sizes
and 95% confidence intervals and 2-sided P values. We considered statis-
tically significant those variables with P<.05 on multivariate analysis. Sta-
tistical analyses were performed using SAS, version 9.1 (SAS Institute,
Cary, NC).
RESULTS
Description of Cohort
A total of 242 infants underwent complex heart surgery
during the study period. Of the 242 children, 28 were ex-
cluded: 17 had a chromosomal abnormality, 7 required ex-
tracorporeal life support, 2 had received a heart transplant,
and 2 had required extracorporeal life support and received
a heart transplant. Also, 48 children died before the 4-year
follow-up point. Of the 166 eligible surviving patients, 26
parents did not receive the PedsQL 4.0 forms, 2 refused
to complete the forms, 1 patient was too ill to undergo
follow-up, and 7 families were lost to follow-up, leaving
130 patients for analysis. Of the 130 children, 100 had un-
dergone biventricular repair and 30 single ventricle repairs.
The CHD diagnoses of the cohort are listed in Table E2.
Univariate Comparisons
At the 4-year follow-up point, no significant difference
was seen between the total PedsQL 4.0 scores (P ¼ .057)
in children with single ventricle repairs and those with bi-
ventricular repairs. The only score that was significantly
different was in physical functioning, for which children
who had a single ventricle repair during infancy had a lower
mean score (82.2 vs 76.9, P ¼ .007). No significant differ-
ence was seen between the children with single ventricle
versus biventricular repairs in the psychosocial health sum-
mary, emotional functioning, social functioning, and school
functioning scores (Table E3). Post hoc, we explored
whether the predominance of patients with transposition
of the great arteries was responsible for the better HRQLrdiovascular Surgery c Volume 145, Number 2 483
TABLE 1. Mean Pediatric Quality of Life Inventory, version 4.0, scores in normative data and children with biventricular and single ventricle
repair
Domains
Normative data
(n ¼ 907)
Biventricular repair
(n ¼ 100)
Effect size
(95% CI) P value
Single ventricle repair
(n ¼ 30)
Effect size
(95% CI) P value
Physical functioning 89.2  17.0 89.3  12.2 0.1 (3.5, 3.3) .954 76.9  20.2 12.3 (6.0, 18.5) .0001*
Emotional functioning 84.7  13.9 76.7  17.4 8 (5.0, 10.9) <.0001* 78.9  14.9 5.8 (0.7, 10.8) .025
Social functioning 87.7  16.6 82.8  17.6 4.9 (1.4, 8.3) .005* 79.7  17.4 8 (1.9, 14.0) .009
School functioning 86.1  16.6 76.1  20.5 10 (6.5, 13.5) <.0001* 70.8  24.1 15.3 (9.1, 21.4) <.0001*
Physical health summary 89.2  17.0 89.3  12.2 0.1 (3.5, 3.3) .954 76.9  20.2 12.3 (6.1, 18.5) .0001*
Psychosocial health summary 86.1  12.3 77.7  16.4 8.4 (5.7, 11.0) <.0001* 76.6  16.6 9.5 (4.9, 14.0) <.0001*
Total 87.3  12.6 82.2  12.8 5.1 (2.5, 7.7) .0001* 76.9  17.1 10.4 (5.7, 15.0) .0001*
Data presented as mean  standard deviation, unless otherwise noted. CI, Confidence interval. *Significant after Bonferroni correction (P<.007).
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Din the biventricular patients. No statistically significant dif-
ference was found in the total PedsQL, physical function-
ing, or psychosocial health summary between the
transposition of the great arteries and other biventricular pa-
tients (data not shown). In addition, no significant associa-
tion was found between the Risk Adjusted classification
for Congenital Heart Surgery score and any of the HRQL
scores (data not shown).
Compared with the normative data, children with biven-
tricular repair had significantly lower mean PedsQL 4.0
scores (82.2 vs 87.3, P¼ .0001), including lower psychoso-
cial health summary (77.7 vs 86.1, P< .0001), emotional
functioning (76.7 vs 84.7, P< .0001), social functioning
(82.8 vs 87.7, P ¼ .005), and school functioning (76.1 vs
86.1, P<.0001) scores. No significant difference was seen
in the physical health summarymean score between children
with biventricular repair and the population norms (Table 1).
Children with single ventricle repair during infancy, com-
pared with normative data, had significantly lower scores in
all the domains except for emotional functioning (78.9 vs
84.7, P ¼ .025) and social functioning (79.7 vs 87.7,
P ¼ .009). The scores for the children with single ventricle
repair compared with the population norms were as follows:
total PedsQL 4.0, 76.9 versus 87.3 (P<.0001); psychosocialTABLE 2. Univariate and multivariable linear regression analysis results
infants having cardiac surgery
Variable
Univ
Effect size (95% C
Preoperative ventilation (d) 0.78 (1.17,0.38
Age at surgery (d) 0.42 (0.64,0.20
Lowest PaO2 days 2–5 postoperatively 0.20 (0.06, 0.35)
Highest lactate day 6þpostoperatively 2.74 (5.17,0.31
Socioeconomic index 0.20 (0.02, 0.38)
Highest plasma lactate preoperatively (mmol/L) 0.56 (1.08,0.04
Single ventricle repair 5.38 (10.97, 0.20
Lowest PaO2 day 6þpostoperatively 0.11 (0.01, 0.24)
CPB time (min) 0.05 (0.10, 0.00)
CI, Confidence interval; PaO2, arterial partial pressure of oxygen; CPB, cardiopulmona
physiology.
484 The Journal of Thoracic and Cardiovascular Surghealth summary, 76.6 versus 86.1 (P  .0001); physical
health summary, 76.9 versus 89.2 (P ¼ .0001); and school
functioning, 70.8 versus 86.1 (P  .0001; Table 1).
Multivariate Comparisons
Multivariate linear regression analysis was performed to
explore the association between each of the PedsQL 4.0
scores and perioperative variables. Older age at surgery
and greater lactate levels in the late postoperative phase
were associated with lower total PedsQL 4.0 (Table 2),
physical summary, and psychosocial summary scores at 4
years of age (Tables 3 and 4). A significant interaction effect
of age at surgery was found for the total PedsQL 4.0 and
physical summary scores. The effect of age at surgery on
the total PedsQL 4.0 score was more pronounced for chil-
dren with single ventricle repair than for children with bi-
ventricular repair. In addition, the relationship between
age and total PedsQL 4.0 score might have an inflection
point at 10 days of age (Figure E1). For the physical sum-
mary scores, the association with age at surgery was only
significant for those children who underwent single ventri-
cle repair. A higher socioeconomic index was significantly
associated with greater physical summary scores at 4 years
of age (Table 3).for total Pediatric Quality of Life Inventory, version 4.0, score in 130
ariate Multivariate
I) P value Effect size (95% CI) P value
) .000
) .000 1.17 (1.69,0.66)*
0.30 (0.53,0.08)y
.000
.008
.007
) .027 2.73 (4.97,0.50) .017
.027 0.16 (0.01, 0.32) .058
) .034
) .059
.068
.070
ry bypass. *Children with single ventricle physiology. yChildren with biventricluar
ery c February 2013
TABLE 3. Univariate and multivariate linear regression analysis results for physical summary score
Univariate Multivariate
Effect size (95% CI) P value Effect size (95% CI) P value
Single ventricle repair 12.02 (17.88,6.16) .000
Lowest PaO2 days 2–5 postoperative 0.31 (0.16, 0.47) .000
Preoperative mechanical ventilation (d) 0.86 (1.29,0.43) .000
Lowest PaO2 day 6þpostoperatively (mm Hg) 0.20 (0.06, 0.33) .004
Age at surgery (d) 0.31 (0.56,0.06) .015 1.16 (1.72,0.60)*
0.20 (0.44, 0.04)y
< .0001
.098
Socioeconomic index 0.24 (0.05, 0.44) .016 0.21 (0.04, 0.39) .019
Highest lactate day 6þpostoperatively 3.26 (5.94,0.59) .017 2.53 (4.95,0.12) .04
PICU length of stay (d) 0.15 (0.28,0.02) .022
Lowest PaO2 day 1 postoperatively 0.14 (0.02, 0.25) .023
Inotrope score day 6þpostoperatively 0.38 (0.75,0.02) .040
Inotrope score day 1 postoperatively 0.27 (0.54,0.01) .044
Inotrope score days 2–5 postoperatively 0.23 (0.49, 0.02) .076
Highest lactate day 1 postoperatively (mmol/L) 0.73 (1.55, 0.09) .081
CI, Confidence interval; PaO2, arterial partial pressure of oxygen; PICU, pediatric intensive care unit. *Children with single ventricle physiology. yChildren with biventricular
physiology.
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DA negative association was found between the greatest
inotrope score preoperatively and the emotional functioning
scores (Table E3). Greater lactate levels preoperatively,
older age at surgery, and greater inotrope scores from day
6 postoperatively were associated with lower social func-
tioning scores (Table E4). Patient age at surgery and the
greatest lactate level on postoperative days 2 to 5 were as-
sociated with lower school functioning scores. A greater so-
cioeconomic index was found to be associated with higher
school functioning scores (Table E5).
DISCUSSION
In the present prospective cohort of 130 children who un-
derwent complex heart surgery for CHD during early in-
fancy, HRQL was evaluated at 4 years of age using the
PedsQL 4.0. Children with biventricular repairs had signif-
icantly lower total PedsQL 4.0 scores than the normative
population, reflecting overall worse HRQL. These children
had significantly lower scores in all dimensions (emotional
functioning, school functioning, social functioning, and
psychosocial health summary scores) except for physical
functioning, compared with population norms. ChildrenTABLE 4. Univariate and multivariate linear regression analysis results fo
Univaria
Effect size (95% CI)
Age at surgery (d) 0.37 (0.64,0.11)
Highest lactate preoperatively (mmol/L) 0.69 (1.30,0.08)
Highest inotrope score preoperatively 0.18 (0.36,0.01)
Preoperative mechanical ventilation (d) 0.50 (0.98,0.02)
Socioeconomic index 0.21 (0.01, 0.42)
Highest lactate day 6þpostoperatively 2.74 (5.62, 0.15)
CI, Confidence interval.
The Journal of Thoracic and Cawith single ventricle repair had significantly lower total
PedsQL 4.0 and physical and psychosocial dimensions of
HRQL than the normative population. Compared with the
children with biventricular repair, patients with single ven-
tricle repair showed similar HRQL, except for lower phys-
ical functioning.
The increased survival after surgical repair of CHD has
reduced mortality. Outcome studies of this group of patients
have evolved from simple physical outcomes to more com-
prehensive outcomes such as neurodevelopment function
and HRQL.4,7,8 Having a greater understanding of the
multidimensional effects of these surgical procedures
relative to the long-term experience of these children with
CHD and their families is important to optimizing health-
care interventions and improving long-term outcomes.
However, only a small number of studies of HRQL in chil-
dren and adolescents after complex cardiac surgery for
CHD have been published to date.
A recent systematic review of HRQL after childhood sur-
gery for CHD found only 12 studies published from 1990 to
2008.8 Previous studies have been performed in different
patient populations, have included different referencer psychosocial summary score
te Multivariate
P value Effect size (95% CI) P value
.006 0.37 (0.63,0.10) .007
.027
.040
.041
.059 0.16 (0.05, 0.37) .127
.063 3.00 (5.81,0.20) .036
rdiovascular Surgery c Volume 145, Number 2 485
Congenital Heart Disease Garcia Guerra et al
C
H
Dpopulations, and had conflicting results. The heterogeneity
of the HRQL assessment methods and varying follow-up in-
tervals precluded a formal meta-analysis of the topic.
Our results for children undergoing biventricular repair
have confirmed the findings from previous studies in which
children with CHD had worse HRQL than that of healthy
controls.1,2,9-12 These studies, despite showing similar
results, were different from ours in several respects.
Berkes and colleagues11 included surgical and nonsurgical
patients with heart disease followed up in a cardiology
clinic; the patients also had a wide variety of ages and diag-
noses. Three of the studies included only surgical patients
with CHD; however, the age at surgical repair and HRQL
assessment varied.2,9,12 Mussatto and Tweddell1 studied
a cohort of children similar to our patients, who underwent
surgical repair early in infancy. However, the age at assess-
ment ranged from 2 to 18 years old.1 Our study included
only patients who had undergone surgery early in infancy
and the HRQL assessment was performed at the same age
in the entire cohort. This provides a better perspective for
the comparison between patients and healthy controls of
the same age. This will also allow us to follow them over
time and compare their HRQL at different stages of their
lives. Many studies have shown that HRQL changes over
time; children at older ages might learn how to cope with
their health issues and develop a different perspective on
how their disease affects their quality of life.1,2
In contrast to our results, some studies have reported that
children with CHD have the same or better HRQL scores
than those of population norms.13-19 However, these
studies had variable results, with 4 of them reporting
HRQL scores comparable to normative samples, another
showing normal results according to a cutoff point, and 1
study of children with transposition of the great arteries
reporting better than normative HRQL. The latter study
included only pediatric reports and was focused on health
status more than HRQL.13
Our results for children undergoing single ventricle surgi-
cal repair are consistent with those from previous studies.
Marino and colleagues20 conducted a study using the
disease-specific Pediatric Cardiac Quality of Life Inventory
and found that patients with single ventricle repair had
lower Pediatric Cardiac Quality of Life Inventory scores
than children with biventricular repair.20 Another study of
patients after Fontan repairs showed lower health status
score than the normative population.9 A more recent study
also compared the HRQL of patients with simple congenital
heart lesions versus complex CHD and found a significant
difference with lower HRQL scores in children with more
complex defects.11
In contrast, Ekman-Joelsson and colleagues17 conducted
a study on the HRQL of children after surgical repair of pul-
monary atresia with intact ventricular septum and found no
difference between those with single ventricle repair and486 The Journal of Thoracic and Cardiovascular Surgbiventricular repairs. Another study found no significant
differences in patients with single ventricle versus biven-
tricular repair, although they noted a trend toward lower
physical and emotional functioning in the single ventricle
group.18 These studies differ from our study in that they re-
ported the HRQL of children with a wide range of ages from
1 to 20 years.
Studies exploring the association between perioperative
factors and HRQL in children after surgical repair of
CHD are scarce. Moreover, the results of these studies
have not been consistent. Although some have found gen-
der, CPB time, deep hypothermic circulatory arrest, socio-
economic status, and maternal education to be associated
with HRQL, others have not confirmed these risk fac-
tors.12,13,16,19,21-23 We found socioeconomic status was
associated with physical summary and school functioning
scores. We also found novel associations. A negative
association was seen between age at surgery and the
available markers, indicating postoperative low cardiac
output syndrome (lactate and inotrope score) and HRQL
at 4 years of age. This is the first study describing an
association between age at surgery and signs of low
cardiac output in the postoperative period and HRQL later
in life. The association between age at surgery and lower
HRQL seems to be more significant for those infants
undergoing single ventricle repair and was consistent for
most of the dimensions of HRQL. The ideal age for
surgical repair in the neonatal period remains unknown.
Although waiting for hemodynamic stability and
decreased pulmonary vascular resistance seems
reasonable, waiting too long might adversely affect the
long-term outcomes. The scatterplot of the association be-
tween age at surgery and total PedsQL 4.0 score might
have an inflection point at 10 days of age, with worse
HRQL in those children undergoing surgical repair after
day 10. This should be interpreted with caution, given the
limitations of the inception cohort design and possible un-
accounted for confounding variables associated with later
surgery. The proportion of the total PedsQL 4.0 explained
by these perioperative variables was 25% (r2 ¼ .25), indi-
cating that other perioperative variables and/or experiences
after surgery have a significant role in determining HRQL.
These findings, relative to the sparse and disparate data,
demonstrate the need for additional research in this substan-
tive area. The homogeneity of the findings appears to invite
increased exploration both theoretically and empirically
with the aim of understanding the mechanisms and determi-
nants of HRQL in this population and across treatments.
Achieving such an aim of greater understanding has the po-
tential to yield important implications for clinical practice,
including clarity for treatment decision-making and the de-
termination of potential targeted supports and services to
differentially meet the needs of these children and their
families.ery c February 2013
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with a wide age range or were composed predominately
of adolescents and young adults.1,2,9,11,13-15,17,19,20,22,24,25
Our study had the strength of being an inception cohort of
patients, all of whom underwent cardiac surgery very
early in infancy, were assessed at the same age (4 years
old), and were compared with a normative population of
the same age. Our study included patients with single
ventricle repair, allowing comparison with children with
biventricular repair and the normative population. In
addition, few studies have considered the perioperative
variables and their association with HRQL.12,13,16,19,23
This is the first study to show an association between age
at surgery and HRQL.
The study had some limitations. The HRQL was evalu-
ated using the parents’ perspective. Several studies have
shown significant variability between the parents’ and chil-
dren’s reports of HRQL.2,25 At the time of follow-up, these
children were 4 years old, an age when only proxy reports
can be obtained. Reassessment of the same cohort in the fu-
ture will allow a comparison between the child’s and par-
ent’s scores. Also, 22% of the survivors in this cohort
were not evaluated at 4 years, which could have caused a se-
lection bias. No significant differences were seen in the
baseline characteristics of these children and those being as-
sessed. Also, the Hawthorne effect could not be excluded as
a source of bias in this type of study. We did not have a con-
trol group of children with CHD who did not undergo sur-
gery; however, we believe that the comparison with
a normative sample is important information when discus-
sing the prognosis with parents. We did not have the socio-
economic status of the normative population used by Varni
and colleagues6 to compare with our cohort. Nevertheless,
the socioeconomic status of our cohort was not significantly
different from that reported for the Canadian population.4,5
The lack of a significant difference in HRQL in the
prespecified subgroup analysis comparing children with
single ventricle and biventricular repair (except for the
physical functioning summary score) should be
interpreted with caution owing to the lack of statistical
power. The comparison of HRQL between patients with
single ventricle and biventricular repair should be studied
in a larger cohort of patients.
CONCLUSIONS
Psychosocial outcomes might contribute to a better un-
derstanding of the overall long-term outcomes of these pa-
tients and families and describe how the survivors perform
in society and experience daily living. The findings of our
study invite greater consideration of the perioperative risk
factors and potential resources fostering HRQL in children
with CHD. Additional research examining the key elements
determining and contributing to outcomes for these children
is still needed. The strategies for the care of children withThe Journal of Thoracic and CaCHD should take into account not only the medical aspects
of the disease and its treatment, but also the factors affecting
the external, interpersonal, and personal spheres of these
children’s lives.References
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FIGURE E1. Scatterplot of total Pediatric Quality of Life Inventory, ver-
sion 4.0, (PedsQL 4.0) score versus age at surgery in days.
TABLE E1. Potential predictor variables included in univariate
regression analyses
Variable Mean ± SD
Socioeconomic index (Blishen) 43.1  13.2
Mother’s years of school 13.1  2.9
Male gender (n) 84.0  65
Weight at surgery (kg) 3.3  0.6
RACHS-1 4.0  1.1
Age at treatment (d) 12.9  10.7
Highest inotrope score preoperatively 7.8  15.9
Highest lactate preoperative (mmol/L) 4.4  4.5
Lowest pH preoperatively 7.28  0.1
Preoperative mechanical ventilation (d) 5.7  5.8
Lowest PaO2 preoperatively (mm Hg) 37.5  16.4
CPB time (min) 116  44.6
DHCA (n) 85  65
Highest inotrope score day 1 postoperatively 13.9  9.9
Highest lactate day 1 postoperatively (mmol/L) 6.2  3.2
Lowest pH day 1 postoperatively 7.3  0.7
Lowest PaO2 day 1 postoperatively (mm Hg) 57.5  22
Highest inotrope score days 2–5 postoperatively 13.5  10.1
Highest lactate level days 2–5 postoperatively (mmol/L) 2.9  1.9
Lowest pH days 2–5 postoperatively 7.34  0.06
Lowest PaO2 days 2–5 postoperatively (mm Hg) 56.3  16.1
Highest inotrope score day 6þpostoperatively 3.9  7.0
Highest lactate day 6þpostoperatively (mmol/L) 1.2  1.0
Lowest pH day 6þpostoperatively 7.35  0.1
Lowest PaO2 day 6þpostoperatively (mm Hg) 53.9  19.5
Postoperative mechanical ventilation (d) 11.2  14.4
PICU length of stay (d) 18.6  19.9
Hospital length of stay (d) 31.8  31.1
CPR (n) 8  6.2
SD, Standard deviation; RACHS-1, Risk Adjustment for Congenital Heart Surgery;
CPB, cardiopulmonary bypass; DHCA, deep hypothermic circulatory arrest; PaO2,
arterial partial pressure of oxygen; PICU, pediatric intensive care unit; CPR, cardio-
pulmonary resuscitation.
TABLE E2. Diagnoses of enrolled patients
Diagnosis Patients (n)
HLHS 29 (22)
TGA 62 (48)
TOF 2 (2)
AVSD 1 (1)
TA 6 (4)
TAPVD 15 (11)
AS 1 (1)
IAA 11 (8)
PAtr 1 (1)
TAtr 1 (1)
HAA 1 (1)
Data in parentheses are percentages. HLHS, Hypoplastic left heart syndrome; TGA,
transposition of the great arteries; TOF, tetralogy of Fallot; AVSD, atrioventricular
septal defect; TA, truncus arteriosus; TAPVD, total anomalous pulmonary venous
drainage; AS, aortic stenosis; IAA, interrupted aortic arch; PAtr, pulmonary atresia;
TAtr, tricuspid atresia; HAA, hypoplastic aortic arch.
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TABLE E3. Mean Pediatric Quality of Life Inventory, version 4.0, scores by type of repair
Domain Biventricular repair (n ¼ 100) Single ventricle repair (n ¼ 30) Effect size (95% CI) P value
Physical functioning 89.3  12.2 76.9  20.2 12.4 (6.4, 18.3) .0001*
Emotional functioning 76.7  17.4 78.9  14.9 2.2 (9.1, 4.7) .532
Social functioning 82.8  17.6 79.7  17.4 3.1 (4.1, 10.3) .400
School functioning 76.1  20.5 70.8  24.1 5.3 (3.5, 14.1) .239
Physical health summary 89.3  12.2 76.9  20.2 12.4 (6.4, 18.3) .0001*
Psychosocial health summary 77.7  16.4 76.6  16.6 1.1 (5.6, 7.8) .741
Total 82.2  12.8 76.9  17.1 5.3 (0.4, 11.02) .069
CI, Confidence interval. *P values significant after Bonferroni correction (P<.007).
TABLE E4. Univariate and multivariate linear regression analysis results for emotional functioning score
Variable
Univariate Multivariate
Effect size (95% CI) P value Effect size (95% CI) P value
Highest inotrope score preoperatively 0.21 (0.38,0.03) .025 2.67 (4.77,0.57) .013
Highest lactate preoperative (mmol/L) 0.68 (1.31,0.06) .032
Age at surgery (d) 0.30 (0.57,0.02) .034 0.25 (0.52, 0.01) .063
Lowest PaO2 preoperatively (mm Hg) 0.17 (0.01, 0.35) .071
Preoperative mechanical ventilation (d) 0.43 (0.93, 0.06) .085
Socioeconomic index 0.17 (0.05, 0.39) .124 0.14 (0.08, 0.35) .211
CI, Confidence interval; PaO2, arterial partial pressure of oxygen.
TABLE E5. Univariate and multivariate linear regression analysis results for social functioning score
Variable
Univariate Multivariate
Effect size (95% CI) P value Effect size (95% CI) P value
Socioeconomic index 0.47 (0.58, 1.51) .379 0.23 (0.76, 1.22) .649
Age at surgery (d) 0.44 (0.72,0.16) .002 0.36 (0.65,0.08) .014
Highest lactate preoperatively (mmol/L) 1.00 (1.64,0.35) .003 0.68 (1.34,0.03) .042
Highest inotrope score preoperatively 0.22 (0.41,0.04) .020
Highest lactate day 6þpostoperatively 3.56 (6.64,0.49) .023 0.42 (0.82,0.01) .045
Highest inotrope score day 6þpostoperatively 0.47 (0.89,0.05) .030
Preoperative mechanical ventilation (d) 0.49 (1.01, 0.03) .063
CPB time (min) 0.06 (0.13, 0.00) .067
CI, Confidence interval; CPB, cardiopulmonary bypass.
TABLE E6. Univariate and multivariate linear regression analysis for school functioning score
Variable
Univariate Multivariate
Effect size (95% CI) P value Effect size (95% CI) P value
Socioeconomic index 0.39 (0.11, 0.66) .006 0.31 (0.04, 0.58) .023
Highest lactate level day 6þpostoperatively 4.96 (8.67,1.26) .009
Age at surgery (d) 0.44 (0.78,0.09) .014 0.45 (0.79,0.11) .009
Highest lactate level days 2–5 postoperatively (mmol/L) 2.15 (4.10,0.20) .031 2.20 (4.10,0.30) .023
Mothers’ education (yr) 1.38 (0.13, 2.64) .031
Highest inotrope score day 6þpostoperatively 0.56 (1.07,0.04) .034
Preoperative mechanical ventilation (d) 0.64 (1.27,0.01) .048
Highest inotrope score days 2–5 postoperatively 0.32 (0.68, 0.04) .084
CI, Confidence interval.
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